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(57) Abstract: For a semiconductor device (S) to be observed, an image fetching part (1), an optical system (2) including an objective 
lens (20), and a solid immersion lens (SIL) (3), which can move between an inserting position. including an optical axis from the 
semiconductor device (S) to the objective lens (20) and a waiting position out of the optical axis, are arranged. Observation is 
performed in two control modes. In a first mode, the SIL (3) is arranged at the waiting position, and a focal point and aberration 
are corrected, based on a refraction factor rio and a thickness to of a substrate of the semiconductor device (S). In a second mode, the 
SIL (3) is arranged at the inserting position, and a focal point and aberration are corrected, based on the refraction factor no and the 
thickness to of the substrate and a refraction factor n lt a thickness d! and a curvature radius Ri of the SIL (3). Thus, a microscope 
and a sample observing method are provided to easily perform necessary sample observation required for fine structure analysis of 
semiconductor devices. 
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GaP :3. 1 
GaAs :3. 4 
#7* :1.45— 2 

[0065] ^fc.SILCD^JCOV^Ii.M^^S^^r/^-COSi.GaP^^CO 

mLtfmzM^xmmm*&^<Dzmm^xm^b*w^\ tic, ±mm 
m&&m#&kixt>&\\ mzftm&r'^xxmv-xmLk^ tit, w^el 

[0066] Si$tSEL£ffivv5#£\ »K^Si®K-e$)tu«^KiSlLto#®-eJDl^^i: 
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[0067] *tz, GaP$SlSIL£fl?V>5»£\ Si©Sia»£#ldJn;l"C, T>T&#— 1. 1/imO 

LSM (&3£) £J&Bfe3t#i£l3l NT1 m m£JtT©«£©l'-if 3fc«rfl§ V >&LfcfcJ: 
9, tt&©iKflWU#b#3SSTHrS. GaPatsn/CHu Si£«©J§£-fc&K£ 

[0068] ±KUfc^^3fcfcfau;:ovv{\ JMfrW^-^i^fcS&lOftWrs. 
[0069] ii^-K-e©«^#©ffliE^ov ««I/yX20%ffl V \fc 

V^S©9*> WB5Sa©«S (H6 (b) #flg) Xii, ^©»&©K®Sb-e 
38£*-3^^WJRiiiH:EJlT©5$<l) 
I=(n 2 -l)t NA 2 

0 0 

/(2n 3 ) -(1) 

0 

[0070] BT7tt % a^©JB#*£Jfcfa^B)iK£li©ffi Bio- WSr*^-^97-CSb«. -©^ 

0 

0 

»SrNA=0. 76£LTV*S 0 »tt*-Kfc:fctt^£*#©ffi:£^ra\ C©£5« 
[0071] 08B\ »©fl^fc^>yXft^S*57^*^»*fc©#|B©^ft 

*i-^97-es>5o ^©^y^^-c, ^WittS^©i?$t ( M m)^u 

0 

^#ib*AZ(mm)^Urv^ 0 *fc, ^77Al(tSi(n =3. 5h A2HtGa 

o 

P(n =3. l) v A3r«f9^(n =1. 5)?rS«*t^U^#©ffig8Sr^LTV>5 0 i 

0 0 

0 
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0 

[0072] mm, &fcom&ttt^>xx*(Du>7;m<DT$Mt<Di®m<£>-- w&fcffy? 

Ofc&^T^&txSl^XS^Oa, 20b<^P§u(mm)&;?cUTVv5 o ^7^B 

0 

atis m^(onm^^2QK^\^v^xm^m\z.^x^h^ ttc, ttm*. 

[0073] sIL^-K-eo^^#oMJE^cov^-c^sJ-t-So ^WX20^^PX.-C 

^^jHX^I2i:<DfDI=Il +I2K&£ 0 SIL3(0 WX^®-e^^i-SM^6<]J|XMll 
B\ tt]£<D;/{:«>R =lmm, n =3. 5bt&b&LT<D*.(2) 
11 = 6. 25(L-1) 2 

X (3. 5L-4. 5)L -(2) 
X$:#)btlZ>o Z.<Di£.(2) KL&Wt, L«|2|3^L/cSIL3(DS!l^$l?fcS 0 
[0074] *fc,SIL3/&K©^ffi-t|g^-r5»^ItX^I2^T©^:(3) 
I2=n (n 2 -n 2 )t NA 2 

10 10 

/(2n 3 ) -(3) 

0 

[0075] HlOf*. i»3e^^-*^ibfifc©ftiSo-«^i-^97-CifeS„ 

*b-CV^„ ^0^77Ti4, S&<D)fc^/^-*£n =3. 5, t = 100 ji m 

0 0 

% SIL3<D3fe#/^— =3. 1, R =0. 5mmtLTV^ 0 SIL3<DJ¥£d 

ii i 

tt, ±fEUfc£L=d +t X (n /n)\ajt&vXmfem&Lbbh\Z.mklT5 0 Z<D 

10 10 
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[oo76] aim, mw^bnm^^<Dv^xm<Dmmt<Dnm(D-m^^yy-^ 

b<Dfflllu(inm)£^LTV>5 0 £fcu Z<D?y7Xti, WSL<D%^y^-^n =3 

o 

. 5, SIL3©3fry^^— =3. 1 X R =0. 5mm£U ©li§NA&2. 2^LfcM 

JEM^LTV^o *fc, ^77C0ttijE^LO«, ClH:SIL3<Dl¥£d =480 

i 

Mm. C2fid =450 Mm, C3f3:d =420 m m, C4fid =390y m, C5l£d =360 
i i i i 

nm, C6lid =330Mm-C<DffijEM$r*b-CV^o &&<£>l?£t ±1EL 

1 0 

[0077] *fc. 012ft, 

?yyXhZ> 0 ^<D^yyX\t, mfo<D%^y*—?*n =3. 5, SIL3<D^/^^ 

0 

-^£n =3. 5,R =0. 5mmkU SJiiNA£2. 5iUtMjE«£^LTV^ 0 ^ 
ii 

S«U J SIL3(D®^^^LV^fc^t)WX||<DF5|iSu^iSIL3(OJ?:$d f£ 

i 

«i?>T , m&mzt siL3^j?£d ^a!i^$L^tt>TOs^m^:-c^ 

0 1 

[0078] *mw\t£Z¥mfcfe&mmRxf&M%mz^xzb\mw'tz>o 

[0079] 013(4, *^0J(Cj:6^#:^S^g<D^^)|life^^i-«fig@T*^o tfr 
s 014ft, 013^Lfc^#^^e?r{Baffi^^i-»^0-Cfe§„ 

TV vs. 

[0080] *H^«ilcj;5^#^aE^««:, miiSlfBAi, fHWgBBfc, »«C££«;t 
TV^ C fc*5, ;i^eft, »«C{COV>T0^£^B&LTV^ O 

fl^^sft, mmuA\^mfhfhtz^-pi8±\zmmfix^ 0 # 

afe6£M1i^*^Tft, «#:^M^S^^LT^^^m^ft^#*W 
[0081] wmUMZ, ff£3f (0*LTVn£vv) rtt^g£ftfcif5M;tM7iO£, V—fW 
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(LSM:Laser Scanning Microscope) =L=*yH2t* 3fe^22, 24£, XY 
ZXr-^15^ SIL3£, SILlEIbgI530^ ffijE^ra^O^^frLTV^ 
[0082] rftkO?^, #^10&T^SM^yhl2tt, imiC^Lfdtj&^ttSIlMi 
miM^LTV^ ifcfc, ft^22, 24J*. #^2^*1^ LTV ^ c 3fe#^22 
, 24©#^^M^SiW^^, ^V^X20d^{tbttTV>§ 0 ^||»^lc*5 

X2oa^&;t^m^tte>*vT:v^ 0 tt^^^ows, @2(^l/c2o 

<Dl^Xp20a, 20b&tfffijE^21«ttfc;frT33^ ffiESieSbgWOKioTltZ 

[0083] 3fc^22{3\ ^V^X20^LrAlt$nfc¥^7 ; V^Sd^^^^7 
<Df^T^±$^cM»^^10rtlfl5(O^3fe®(^^*5fcfe<D^W^X2 

[0084] ^©±5&«/&f-:fcV^ ^ftx^^ 

3fe#m22^tf3fe^^LT^^7l0^^^o ^LT, vMylOKioT, 

[0085] LSM^-^2/hl2^, ft^/-^M:m&tttc)b<DV-if%MAm%77'('*>l2 
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7 f ^^Sffi!l^tHiltf-5XY^^12ft^LTV S5„ 
[0086] &fc, LSMa=yM2W\ ^ft:7 f /^Sffi!|*^XY^-Y-^12f^bTAlt$ 
tL. t*-A^7 P y^^l2e^^Lfc3fe^3fei-5^>'X^V>'Xl2dt, ^^T^ 

V>5 0 

[0087] 3fc39R24tt, ^^7 ff /W^SAW%V^X20t % LSMK?hl20>XY:*** 

fromt^m&r^^Abk, ^-24bT^£t£;ftfcft3J|)fc1-Sl^X24c 

[0088] Z.<D£$tmm^ fl^LTV n) ^^Affi3t7T 

^^^a^LTttiW^tlfc^V-^f*, V^Xl2b, fc"-A^Xy^l2e, XY 
12f, 3fc^24, S.^^^X20^jior^#{*:7 ? /^S^iMI*^ 

[0089] ^OAlt^^l-S^^^^Sd^^SttffM^:, ^frx/^Stf)^ 

y*l2e%mm-Z>o ^LT, If— A^7°y5/^12e$r@jiLfe3fett. V>-Xl2d£^L 
T&mM:77^n2c^AtJU& 

[0090] ^Wffl3fe7T^n2c^br3fe^tti^T^ffl$^^O^S«, ±IBUtJ:5fc: 

^oT,XY^^12f{CioT^l^~1f3fe^^^T/^S±^X-Y^-r 



WO 2005/083490 



22 



PCT/JP2005/003163 



[0091] W&WA\m, &£>^ SIL3^g£*VCV^ 0 SIL3tt, LSM 

tbTv^ 0 *fc, sil3k#u sTLnmnso&ntfbti^Zo siLmmmon, si 

SIL3&X, Y^|p]. RXfZX\i>}\Zfem£lt%XYZmW}mMX*hZ) 0 
[0092] ^#^X/^S^^-r^/c*<Dli^^^tT5«^§PAlC»U, $IJ^I$1JB^^ 
#gPC^(tbtvTV^o ft*5, 013, EI14(C*5V^«, fi|^fgCC(COV^Tttia^ 

[0093] m'MUBit. 3J*7m'M5lab, LSM$!)M51b£, OBIRCHfrJ|ipg|551c^ * 
^-VUW&tth, SILffclJ$g|553^ *f^lVyX$lJ^g|554i^L-CV^ 0 ^nfc© 
oh, ^r-VWSm^ SlL$iJ«53, &tW4S»v>'X«J«|«BJ54lcov^rtt:; 2 

fc®?)-Cfc5„ ^9«IW»51a, L'SMftJ«l<B51b, &tK)BIRCH{BMlpa$51c 

[0094] *^91W«l»51aarrLSM(W«l»51bt4, ^tl^tu^S^ylOS-U^SM^ 

tt^ffl V ^tvSOBIRCH (Optical Beam Induced Resistance Change) ®^£r®#1~ 

[0095] ^wacM. 0i^Lfci5i-> mvffivm6iRxm&M62&mu m^t^y 

o 

[0096] |g|l3&^|gl4^^L/c^#^Siig^fflv^fc¥^#^^^fe^^:ov^T«llli§ 
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±0* m«DE^T!&^;bi^ 

XSOmmrffl (S200) o AffWfctt, LSM^-^M2{Clj;o-C^^^^S 

^tb^ffiV^e>tl^mm«^®^^#1-5 0 :©lg«»LT«:, OBIRCH 
$iJ^l|f|J51c(Cio-C5t#$tL50BIRCHjii^, &5V*Wu ^^lOKio-C&^fr 

[0097] SILS^r^^^x/^ScD^SM^^-t-S^A^e^iSg-t-SSIL^ 
7*/<^XS(Dm&%ft? (S300) 0 ^rm, «#^W*S±OTg£;ixfcSIL3, 

Ax?tt®i<'yX2o^&frix, tfckztitt'V—^mQL. obirch®#, m%m& 
t&<Dmm:wm-z>o tit. #®^<om^^, ^gg63^ 

[0098] 0 1 3.K. 0 14 t^Lfc^ft&SiiglC&V >TSILgg»)gC30£Li:JB V 

mms^x®mmm$>immmm<D&wm^^ximirz> 0 mis^ sil^ 

[0099] SIL3fci % SIL7jN/V^5^,J;o-C^$tV-CV ^ 0 0 1 5\Z.mJtS\L^^t°=^^Z 
^(DSIL-v-tW— ^30Afi, ^blC. SIL*/V^5tv:^:#^fcSIL3$r^-t"S 
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[0100] ^mat^siL^^u^30A^si^/vy5^mmhtcmmumi^ 
z<Dmwm7i*x-Y*m (^m)^x®m^^mmuu®mm72^ mi 

m&m2mmt®wM74b&mhx^% 0 zbt, siL^t^^— ?30At±, x 
-Y¥m\z.mf~rzzjifa Km2muu®mm74mm^^>z^mmm75m 

U z.<DZJrft®mM75i>mii%Wtisti, 

[oioi] z^rpj^«)M75tt, Mz\smMTm\z£mmmftzxftK®W}-rz>zw\*~? 

vv5 0 z<D3c&mm, mm*mmz\m?%&mxm%ffimizmmths sil 
■v=t^l/-^30A^LT«^•rs^a•^^ m<Dsiu&W)mm*m%Lx®,mir 
z>m&m<Dmmmmibftx\^ 0 $t^z%fa®MM75<D®mmzn,5:wm7 
zfrLx%2ffinw®MM74tm&mx^5 a z.<Dmffim®W}M74\*. mts 

xm&ztis z%fa&W)M75<DmmK3:<o, zjrmz&m$hz> 0 
[0102] %2mi®ttmmM74<D\Eiw>mm, m2mnm3(o~mm^nx^ ^. z.<d 
%2mnm3it, mis^-r^K, m2mm73^mi^^u^s<Dmm&.m 
<Dum mm^y^2o<Dmm) K&gi>>z>& \m &mm&ztix\, 
z.<D%2$mtt73<Dmmm, mm mt®®M72tfmfeis*ix\, ^ e ^mm 

[0103] ^oxo^mmuummm72(Dmm^tm2m^mmm74<D®mnt)^ 
mm\mmvx^ 0 ^l-c. mugmtt®WM72ti, m2m$m®W}M74(Dmm 
\^.m2mmmmm74(D®mm^^tvxm2mMm3t^\z.x-Y^miH 

mmmmzhx^Zo zommnwm. mmnu®mm72<Dmm\^. 
mmi$tt®mM72<D®mmttMbLxx-Y¥mftz®m£tiz> 0 

[0104] U±(Dmm^, ^lM«•71(D-«{c5g^$^TV^5SIL*/^^5^C^$tt 
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^w^X2o^-rr®0-cfc»9, 0i6fisiL3d5#^e^iam$tbTv^sisr 

[0105] £fc, ^30A(C{4 % SIL3K^b , r5fc^tt*|jfcSr#fel& 

[0106] SIL3^^-rSSIL*/V^5^0V^tfe5g-r5„ I219K£, Hll5{C^cWLSIL-7~ 

[0107] siL*/i^5tt, Hl9K3j«rj:5te, B&Rf§l^^«lJ^$ti-CSiL3?r^i-5^v 

^g^-r-s- t&hz>tcv>, M^ttojgv mttteTSr^*. rn<m<D&m<D 

[0108] */^6tt x 020(a) RXf(b) K&t&K-* SIL3£&jf T5^1*^8^ Z.<D 

<5o 

[0109] mi*/^8«, ^(D±^^^ffi^^^mi-5S^g|58a^W1-Si:^{- 

f8&tix^zma*mvxs sii.3<D^m^r^K^mvtc.^mx\ sii^m*^ 
y8\m&mmmxmm*i&w&tix^z> 0 mt^mx zmmsKftfa 

l!l|^*»5»^«WfP9aSr^ri-5. ^L-C, SR!R»«P9a©rt«K:^lifc$ti/rvv5MP9b 
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fr%2*/vy9<DmVtmmaiZ.mn&tis 3ll*A^8&tfSIL3tfS3l2*A^9K g 
[0110] ^-C, Ml*/Vy8<DTM<DK%%A, ^l*/Vy8<DS^TO8a(DMI§rB, fg2 

[0111] £fc, J&23vvy9li, ^<D±g&<D§5J P 9dc, M^tf«^^#(cj;i9^$ti 

8Rxfm2^/v^9tmmimmmm^ii. ^y^iKD^m^t-r^t. d 

-rz>yt&zwifz,z.bm<. siL3%&&Ltcmi*/v?8&%2*/i>y9<D_knom p 
9c^mvxmx^mi-^<Dmm^m±^nsiL<Dm^m±^fix^ 0 

[0112] £/c, J»7ii, ^Mtlff tch<DX\ m27ts/l~?9frtbfi\-l}\ZMTf, Z 

xf*/^6om±frbLxM£&&-&mxmm&tix^z> 0 mmfc. 
^^u-^30A(Dmmnmi<D-m^m.^m\m^tix^ o 

[0113] ^±^«^W1-5SIL*/^5 / S.0SIL-r-tVV-^3OA^joV^T, 016^ 
Lfc#^£g<D:|£?§-ete, mffi*7U 73ttfi*tV SIL3XtWfiifflJ*t7'l, 73tt2t 
mysl/X20<DfflRMOhZ> o Z.<Db%. SlL3^m\JtMl^ySti, M20 (a) 

2^ri«siL3ds^2*/^9[cgm^^^^6,tvrv^^^s>5o 

[0114] SIL3££<D#8S&tt&>y!fi Aft^itS^ *T> W71, 73*0«I 
-rS^t-C, 017{^Lfcj:5{-, #BMfc»afe5SIL3$\ ^fl^W^SWWf 

v>x2Qb<Dmx%m&tx®m~*b®m-rz>. i2iW73ii^ati: 
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[0115] Z.<D£?KLXSIL3%$Lmfofcffi ALfck, SIL^fc^l^— ^30AOZ^(B]^ij 
:/85£^LX3fcf3g#$£«U SIL3$*^g±fcgfcfiLT«*teg (If A 
&h&&« 020(b) {^-r«t5^. ^2*/V^9^j;!9gS*-|R](^x.^tiTV^SIL3 

««^sIL3<^fift^^cov^xl^«Et?3pfTt)^^5„ zomtDXtitetttift 

[0116] siL3&tffgi*/^8te, ¥^ftx'^*si;ij;9j$*>±tf bti±WMxm 

tf^K£*VCl^fri>^ SIL33^B«tfcSK»llife^«*S*LTV^ 0 Sfcfcu ftfl;. 
[0117] Sfc, SIL3«r£SW-5#£fctt % SIL^-t^lx-^30A<D^l®SWlH]«l2l72 

3rK»bniKSttt7isriaiii-f «^-e, siL3&mmt!>*hm8\ztt&$m 
L*/^5S:safe-r5. rn^i 1 ?. siL*/v^5oM7<DMiMtt7i^^-r5* 

3^tt^tC®!9®5^^<^X^^^^^$ti-CV>5o 

[0118] *miK£z>mm. Rxmmmm^mtt, ±mjzmmtemR.xm&m\mt> 
mfrztc&oMfcmtm^mmz-o^x^ misRxm^tt^m^o- 
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fc> SIL3*Bllrt-5SlUHai«|530fcoV^. UlSI^LfcSIL^-t^U— ^30 

[0119] *fc, jzfRirfzmvmwrttz* *m#7 ! 'Ux&mmM&b\sft¥m{mgmm. 

gfcfcv *-c, t^©|^«g/«i:£<0«&&&£ (ctr5^i^ prtg^S, z<Dm&<D 

ptmtvxit. m%jz, ±&L±¥mfc7/^^m&T/vrt£b*<D&m<D¥'U 

[0120] 4fjEx-^/VtffiV^bn5SIL©3fe^7^^0A*"toV^tt, ±i£L 

[0121] tflfctf* SIL©*^^— *©X*7tt, SIU SIL*/l~?\ fcSV ^J±T— 

v\ : 

[0122] *>3V ^ SlLK/u?^ &BB3:*:f*iIi&-cM@* Sr?»BUT?t5J:5* § RJ&tttt** 
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o 

[0123] ±mm^<ommm^^ ^ as^x^tb .to-csiL^naLTv n 

0 0 

• i i i 

[0124] ±!ELfc2S»f&-Ci2, il^-K&tfSIL^-KOM^lC&V vC> 

[0125] *fc, VX20^tf ^^2(COV *T M\ ±ffi%&&mz*,m* 

fflv^&v\ fl|*.fcfx 3fe^2(c*5V^, MV>>^X20kVX, jI^-KK&v^C 

h\Lm^<D^mm^mmir^tc^<Dm2oM^y^t^mmm^tvxh^ 

o 

[0126] Z<D£.otm&<D&fomhLX\Z, mmz^LtMim$LZ>#®l'>X20tfl'tf 

;v;<xm&tt^WLttbtixx^m&\^ *<DD*><D-<Dtt%)\syxzmn ; £ 

[0127] ±|E<D £5 SIL^-RT^UficD^l^XSrffll ^O^M 
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[0128] fcfc, 3fe^£-*Wd^'>U&tLT, #^i^X£SIL###ji^X};i§W& 
[0129] S&lC, SIL^l/^imO/^-yt^U^fe7t-*^^i 



WO 2005/083490 



31 



PCT/JP2005/003163 



[i] ^m^fommrnxmrn-r^mmmx^x, 

0 0 1 

[3] mmft¥%kt$. mmMm^>^tLx, mmm<om%mm®m-rtt*b<D% 
[4] mmmm^mn, muzmm^x*- h°x<7)MimjEmmmj&ir%M&&t> 

o 

[5] mmmw^&n. mmftm<Dmvrmn s &xfmmmmm$.x<DMm&m<nmt 

o 

0 

m mimm^^mm^m-t. mmmmm$m\s^xb<DTm*m\&^xM 
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[9] ■ m&mm^>^mm^mts 
mmt, 

x-hox, 

0 0 11 

i 

-ft. 
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o o 

[14] MfEMa#jE*x^^^ 

m 

mtm2uymt<Dfm^mt^x^mmjE^n^t^mtir^m^mii 
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SIL0)JsBlfT%ii,II£di, 



S102 
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-S103 
S104 
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S105 



S200 
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[05] 



( WE ) 

_r_ 



no,to(Dfiiicisi:r 
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no,to,ni,di,Ri0fiilzlSCT 



S200 
S201 
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S300 

S301 
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[09] 
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